The predictors of severe disease or death were determined for 85 melioidosis patients in Kuala Lumpur, Malaysia. Most of the patients were male, 40 years old, and diabetic. Severe disease or death occurred in 28 (32.9%) cases. Lower lymphocyte counts and positive blood cultures were significant independent predictors of severe disease, but age, presentations with pneumonia, inappropriate empirical antibiotics, or flagellin types of the infecting isolates were not. Knowledge of local predictors of severe disease is useful for clinical management.
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Taq buffer with KCl, 2 mM MgCl 2 , 0.2 mM each dATP, dCTP, dGTP, and dTTP, 0.5 μM primers, 2.5 U Taq DNA polymerase (Fisher Scientific, Pittsburgh, PA), and 2.5 μL template DNA. PCR was performed in a MyCycler thermal cycler (Bio-Rad, Hercules, CA) at 95 C for 5 minutes followed by 35 cycles of 95 C for 1 minute, 60 C for 1 minute, and 72 C for 1.5 minutes with a final extension at 72 C for 10 minutes.
After confirmation of the product size by agarose gel electrophoresis, the amplified products were subjected to digestion using two restriction enzymes: FastDigest Msp1 and Sau96I (Cfr13I; Fisher Scientific); 2 μL 1 + FastDigest Green Buffer was mixed with 1 μL each of the enzymes, 10 μL amplified DNA, and 2 μL sterile water, and the mixture was then incubated for 15 minutes at 37 C. The final products of restriction digestion were separated by electrophoresis on a 2.5% agarose gel pre-stained with ethidium bromide and visualized using a UV illuminator (Syngene, Cambridge, UK).
Data were analyzed with the Statistical Package for the Social Sciences, version 18 (IBM, Armonk, NY) to determine predictors for severe disease. Univariate logistic regression was first carried out. Crude odds ratios (ORs) with 95% confidence intervals (95% CIs) were calculated, and variables with P 0.2 were then subjected to multivariate logistic regression using stepwise selection. Adjusted ORs (aORs) with 95% CIs were calculated, and variables with P 0.05 were considered significant. The final model was assessed with the Hosmer and Lemeshow goodness-of-fit test and the area under the curve of the receiver operating characteristic curve.
In total, 132 patients had positive cultures for melioidosis. Medical records were not available for 47 (35.6%) cases, leaving 85 patients included in the study. Of these patients, 28 (32.9%) patients had severe disease ( Table 1 ). Most patients were male (75.3%) and 40 years old (69.4%). The mean age was 46.4 years (range = 9-80 years). The distributions of the major ethnic groups were significantly different among the melioidosis cases compared with the general population (Indian: 40% versus 9.3%; Malay: 31.8% versus 40.6%; Chinese: 22.3% versus 39.1%). 6 Diabetes mellitus was the most common associated risk factor for melioidosis (N = 57; 67.1%), like in other studies. [7] [8] [9] [10] In Malaysia, Indians have the highest prevalence of diabetes 11 and the poorest glycemic control, 12 which may explain the overrepresentation of Indians among the cases. However, ethnicity did not predict severe disease. Other risk factors for melioidosis were renal dysfunction (N = 14; 16.5%), increased alcohol intake (N = 13; 15.3%), chronic lung disease/asthma (N = 11; 12.9%), immunosuppression (N = 11; 12.9%), and recent jungle trekking (N = 3; 3.5%).
For 70 patients for whom occupation history was available, the most commonly reported jobs were commercial vehicle *Address correspondence to I-Ching Sam, Department of Medical Microbiology, Faculty of Medicine, University Malaya, Kuala Lumpur, Malaysia. E-mail: jicsam@ummc.edu.my drivers (N = 13; 18.6%), construction workers (N = 8; 11.4%), and work involving plants and soil (N = 8; 11.4%). These occupations involve exposure to soil, dust, and wind, increasing exposure to the environmental B. pseudomallei. In Brazil, there is a significant association between construction workers and B. pseudomallei seropositivity, 13 which may be caused by the liberation of organisms into the air during soil excavation. 14 The majority of the patients presented with pneumonia (44.0%) and fever (41.7%) followed by skin or soft tissue infections (27.4%). In total, 43 (50.6%) patients had bacteremia. The median duration of illness before hospital visit was 14 days (range = 0-360 days), and the median length of hospital stay was 20 days (range = 0-210 days).
The following variables of interest did not predict severe disease: age, flagellin type, ethnicity, any risk factor for melioidosis, and inappropriate empirical antibiotics ( Table 1) . The final multivariate regression model showed two independent predictors of severity, lower lymphocyte counts (aOR = 0.91; 95% CI = 0.84-0.99) and presence of positive blood cultures (aOR = 4.05; 95% CI = 1.31-12.53), which were also found in other studies. 10, 15 This model had satisfactory fit and discrimination (goodness-of-fit P = 0.80; area under the curve = 0.77). T-cell lymphocytes and natural killer cells are depleted in acute melioidosis. 16 Because both are important sources of interferon-γ, which plays an important role in resistance to B. pseudomallei, 17 lower lymphocyte counts may result in a poorer response to acute infection. Other reported independent predictors of severity include Acute Physiology and Chronic Health Evaluation II (APACHE II) scores, interleukin-6 (IL-6), pneumonia, low platelet counts, fever, urea levels, hypoxia, and altered sensorium. 7, 10, 18 In total, 63 (75.9%) patients were started on inappropriate empiric antibiotics before diagnosis, although 56 (65.9%) patients eventually received appropriate intensive-phase therapy after diagnosis. Of these patients, 47 (83.9%) patients were prescribed ceftazidime, and 9 (16.1%) patients were given a carbapenem, although the proportion of patients on a carbapenem who had severe disease was higher (77.8%) compared with those on ceftazidime (23.4%). Of 65 (76.5%) patients who survived, 54 (85.8%) patients were discharged with melioidosis eradication therapy, and most of these (63.6%) patients were prescribed a two-or three-drug combination therapy. Surprisingly, there was a non-significant higher rate of severe disease in patients with appropriate empiric therapy (45.0%) compared with those with inappropriate therapy (30.2%). This finding was also reported in another Malaysian center, 19 and it is contrary to the experiences of other centers, where incorrect empiric therapy was associated with worse outcomes. [20] [21] [22] It may be that the Malaysian patients presented late with advanced disease, and appropriate treatment had less impact on outcome. Another possibility is that those presenting with severe disease were more likely to be suspected of having melioidosis and started on specific antimelioid therapy.
Flagellin typing results of 24 isolates were reported in an earlier study. 3 Another 16 isolates were typed in this study, making a total of 40 isolates. Of these isolates, 30 (75%) patients had flagellin allelic type I, 6 (15%) patients had flagellin allelic type II, and 4 (10%) patients had flagellin allelic type III, but there was no association with severity of disease. Other studies have also failed to find a link between molecular types with disease presentation, 23, 24 suggesting that host factors are more important in determining the course of the disease. Cheng and others 15 developed a scoring system for predicting mortality in melioidosis in Darwin, Australia based on seven criteria: presence of pneumonia, age, lymphocyte count, serum urea, bilirubin, creatinine, and bicarbonate. A cutoff of score of three stratified the patients into two groups, low risk (mortality 10%) and high risk (mortality 40%), with a positive predictive value (PPV) of 44.6% and a negative predictive value (NPV) of 91.4%. The scoring system was evaluated using 67 cases in our study for which at least six data values were available, giving a similar PPV of 57.9% and a similar NPV of 86.2%. This scoring system may, therefore, be useful in Malaysian settings.
In conclusion, patients with melioidosis presenting to our center commonly were older, were male, had diabetes mellitus or renal disease, and presented with fever and pneumonia. Severe morbidity and mortality rates were high (32.9%). Lower lymphocyte counts and positive blood cultures during admission were significantly associated with severe melioidosis. Study of the local factors influencing severity of melioidosis is important, because they likely vary between locations and will benefit clinical interventions.
